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Micro-channel embedded in silicon 23
Micro-channels are composed of two parts: restriction and main channels. The restrictions Figure 1 shows the design of the micro-channels.
31
The cooling performance was simulated using the ANSYS sofware [3] . In this simulation, (1 W). The power on the outermost sensor is negligible. The maximum variation of temperature in 41 this conditions is around 6.5 • C.
42
Figure 2: Realistic drawing of the micro-channels substrate with the mechanical support and tiles (sensor + ASICs). The whole substrate is held in place by the midplate glued on the back of the fluidic connector.
One of the most challenging stages of the research and development program was the attach- was found comparing the planarity measurement of the substrate before and after the soldering.
55
The measurement of the connector height with respect to the silicon surface showed that there is 56 only a variation of 43 µm, which can be easily absorbed by the glue layer to the support.
57
Figure 3: Cross section of the solder joint. The metallization is necessary to ensure a good attachment to both surfaces. half of its melting temperature. Usually, it is a very slow effect that might take years or more. In 61 the other hand, fatigue is the weakening of the material due to a repeatedly applied load. A good 62 example of this effect are the cracks that appears in asphalt after temperature and pressure cycles.
63
The creep effect was accelerated using a higher mechanical load and temperature than in nom-64 inal conditions. Typically, the internal pressure applied was around 60 bar and the samples were were performed on 9 samples. For every temperature cycle, 6 pressure cycles were performed.
85
Only one sample didn't endure the cyclic test. This sample was soldered with an experimental 86 technique using a significant amount of flux and very fast cooldown rate that could create internal 87 stress. This sample resisted a single temperature cycle with maximum pressure upt to 60 bar and
88
Since the cooling system is under vacuum, every couple of cooling loops can be isolated from 90 the other loops and the cooling plant by two pneumatic valves that will close if any leak is detected.
91
If too much liquid CO 2 is trapped at cold temperature, this could lead to very high pressures as the 92 system absorbs heat mostly due to radiation. Therefore, a gas reservoir is necessary in between substrate. The deflections of the module were under 100 µm.
114
The material simulations have shown that the increase in the average material budget is only 
3D printing in Titanium

119
The advancements in the 3D printing allow creating structures that would be impossible a 120 few years ago. Today, a wide variaty of material can be used to print 3D objects. The second 121 substrate alternative is based in 3D printing using titanium. Its powder is fused using a laser beam are also below 100 µm. There are still many tests to be done to completely validate this alternative.
133
For instance, due to the limited area for the attachment of the electronics on the cooling substrate 134 the glue layer should be optimized in such way that it can provide a good attachment and at the same 135 time minimal variation of temperature. Flatness is also a concern since it is not a solid structure 136 and the manufacturing reproducibility still has to be proven. On top of that, it should be proven 137 that there is no detachment of the titanium powder over time. 
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Two back-up alternatives were designed to have similar fluidic characteristics and be easier 145 to handle. The tubes embedded in ceramics is the most conservative approach and it has a good 146 thermal performance but it would required a dedicated constraint system. On the other hand, the 147 3D Titanium printed substrate is evolving quite fast due to the fast prototyping and it is also cheaper 148 than the other alternatives. All technologies are going to be reviewed on late September and the 149 final decision will be taken shortly after.
